The Smart Vest: Towards a Next Generation Wearable Computing Platform

Steven J. Schwartz and Alex Pentland

Perceptual Computing Group

MIT Media Lab schwartz, sandy@media.mit.edu

Abstract

R esearchers engaged in the field of wearable computer

study have been restricted by the packaging that houses

computing, storage and communications resources. A new

design for a platform is described that is integrated into

and compatible with everyday clothing. Soft, comfortable

and flexible, the Smart Vest is a lining composed of a

lightweight mesh that serves as a medium for integrating

electronic modules with flexible interconnections. The

lining is a self-contained wearable computer supporting a

wide variety of configurations. Advantage is taken of the

low cost and small size of specialized silicon to provide a

great deal of control over power consumption while

adapting to the most efficient available bandwidth. The

Smart Vest is intended to provide sustainable or ^Green~

operation by matching the use of appropriate silicon to

the task of the wearer. It is worn on top of a shirt or

undergarment and beneath a vest or jacket. The Smart

Vest provides an improvement in comfort, configuration

and concealment for the wearable computer user.

.

1.

Introduction

Wearable computers maybe designed to acco mmodate a varietyof uses. T he range spans single-function devices such as a co mmunicator or remote control and extends into co mplex systems emplo ying sensors, high speed processing and distributio n along both local and wide area network connectio ns [1].

Covering the functional requirements o f this wide range of designs maybe accomplished b yestablishing a new chassis that supports wearable-co mp uting research in the present and ever yday use in the future. A goal was set that such a wearable co mp uter sho uld be ^so fter~ than the part of the human bod yon which it lays, so that it can be worn with co mfort. T he components that for mthe wearable system should be invisible and not interfere with ever ydayclothing. At this level o f integration between the worlds of fashion and technolo gy, the issues involving configuration, service and user interactio n beco me interesting. Different classes of processor, functional device level sub -systems, co mmunicatio ns, interconnections, po wer systems and storage must be supported with minimal attentio n given to these items b y the user.

It is no w possible to design a wearable with these guiding principles in mind: Silicon is free, po wer is

expensive and there is no silver bullet for band width. T he use of heterogeneous silico n to acco mplish most if not all wearable co mputer applications adds little or no cost in proportion to the rest of the wearable system. B ymatching the required function with the appropriate components and using onlythe band width needed for each specific operation, power is conserved and available band width is utilized effectively. Po wer has a cost and burden associated with it no w and in the foreseeable future. T he availability of band width for the wearable user in the next few year s is not guaranteed nor is the cost of ser vice kno wn. It is therefore prudent to design wearable comp uters that are based on conservation of both po wer and band width while relying on the ever shrinking size and cost of silico n to achieve a sustainable system.

Preferably, little or no modificatio n should be required bythe user of such a system except for the act of configuring b ythe addition or subtraction of co mpo nents required for the desired functions. T his configuration should be no more difficult than selecting and putting on a pair of socks.

T oday, such co nfiguring is perfor med using PC cards, smart media, co mpact flash, USB, serial, parallel and video ports. Docking stations and device bays provide additional configuration choices and the latest in portable devices such as cell phones and palmpilots allo wfor accessories to be plugged and shoed for additional features. Ho wever, these are external configuration changes perfor med at ar mlength on a device outside of the users clothing [2]. T he wearable co mputer of the future should have the ability to be worn underneath or within the layers o f the wearer´s clothes. T his makes for so me interesting configuration issues.

Let us proceed for the mo ment with a visio n of wearable co mputing that contains an inner chassis with the essential co mponents. T hese co mponents wo uld include co mputing po wer, communicatio ns, storage, I/O and control to get us around during the dayand an external co nfiguration method emplo ying objects in the shape of butto ns, fashion accessories, pocket docking devices and hidden strips, such as thin hand set strips that fit under lapels.

Ad vances in electronic technology and manufacturing techniques have provided the wearable researcher with many co mponents and tools that may be co mbined to construct a varietyo f wearable co mputers [3]. While these are useful co mp uting platfor ms sporting high

M IT M edia Laboratory Perceptual Computing Section Technical Report No. 504

July, 1999 performance, lo w po wer consu mption, flexibilityand ease

of configuration, these platforms are essentially

rectangular and solid. T herefore the physical mounting of

the electronics is usuallyo n top of and outside of the

clothing worn b ythe researcher. T he use o f shoulder slung

bags, belt wor n chassis and backpacked notebook

comp uters is the predo minant layout for today´s wearable

researcher.

T he use of cables to connect devices to the wearable

comp uter creates an unusual and so me what unattractive

appearance to the wearable. Efforts have been taken to

integrate costumes and fashion accessories to give a

futuristic style to the o utfit [4] and research has sho wn

that it is possible to fabricate electronics into jackets using

conductive thread [5].

T his paper describes ongoing research into the using a

lining in the shape of a vest as an electronic chassis. T his

vest shaped lining can be worn between layers of clothing.

T his allo ws the vest to beco me an improved platfor mfor

wearable co mputing.

2.0 Design Principles

We started with these guiding principles: Softer than

the body( no pinching or poking!), silico n is cheap and

can be used generously, po wer is expensive and

burdenso me and finally there is silver bullet for the

problems of band width. Preferably, this should be a one

piece, single chassis that can be put on and taken off with

ease. T here should also be a method provided for

servicing and custo mizing the system in a manner similar

to the way people tend to dress themselves o n a daily

basis.

Starting fro m these design considerations, we have

developed the follo wing approach to wearable co mputing.

2.1 Baseline Chassis

Current devices available for wearable co mputer use

run the gamut fro m pocket sized hand held PDA to PC104

mod ules [6] to high perfor mance grap hic wor kstations

carried in backpacks. One systemuses a flexible design

that follo ws the co ntour of the body[7]. When these

devices are wor n outside of the user´s clothing, they are

accessible during the period of use. T his allo ws for the re-

configuration of the system, swapping o f po wer sources

and access to inter nal switches.

T o mo ve the electronics underneath the outer layer of

clothing requires the systemto beco me more or less fixed

in its p hysical configuratio n [8]. T his leads to

configuration made in advance of the user´s co mpletion o f

dressing and severelylimits any changes that can be made

during the day. Altho ugh it is possible to utilize external

devices such as sensors, switches, displays, hand sets,

network interfaces and po wer so urces, it is preferable to

place as much of the system inside of the clothes.

A chassis design for the internal co mponents must

account for enough capability to support an average dayor

evening of ser vice in support of a number of baseline

wearable co mputing functio ns.

Configuratio n wo uld take place in the morning, when

the user dresses for work and in the evening, when the

clothing is reconfigured. On weekends, similar transitions

can occur between recreational and fashionable attire. It is

the intention of this wor k that system reconfiguration

occur and co mpliment the act of dressing and changing

clothes.

T arget outfits for the Smart Vest include vest for war m

weather and casual attire, jacket for cold weather and

more for mal dress and a sash for use in developing natio ns

and rural areas where wester n attire is not considered

appropriate.

2.2 Heterogeneous Silicon and Power

As the wearable co mputer is carried around during the

day, certain functionalityis expected to be readily

available without depending on external resources.

Examples of this are IP T elephony, Locatio n, Messaging,

Internet Connectivityand Software Agents. T o perform

such functions in a dependable manner requires that

po wer be available. If the po wer requirements of the

systemare not kept to a minimu m, the po wer source will

become too heavyand bulky to meet the packaging goal

of a so mewhat invisible system.

T ypical methods for po wer conser vatio n include:

1.